During the past ten years considerable attention has been paid to the health effects of occupational exposure to organic solvents. One aspect of these reports that has generated much interest is the possible link between these solvents and renal disease. The results of such studies have been conflicting, however. Research in this area has tended to concentrate on two types of kidney disease: renal cancer and glomerulonephritis'.
In this report we have looked at both diseases using the case referent approach. Renal cancer has tended to be reported by means of cohort studies. By contrast, glomerulonephritis-being an eminently manageable disease these days-has tended to be studied by means of case referent studies. In many cases the cohort studies were hypothesis generating exercises which, by the very nature of the multiple associations reviewed, may well uncover statistically significant excesses. The case referent studies of glomerulonephritis have, almost without exception, had serious methodological flaws. The cooperation of nephrologists and the Regional Cancer Registry has enabled us to study both Accepted 31 October 1988 these diseases in a way which avoids many of the earlier criticisms, though the statistical power of our investigations was inadequate to exclude other than large risk estimates. The impracticalities and costs of much larger studies, however, rendered them not feasible at present.
Uniquely, we have undertaken a detailed "blind" exposure assessment which we hope will prove a valuable tool in further studies of this nature.
Methods
The study populations were drawn from the West Midlands and it was decided to use community based referents. For the renal cancer study the study population was drawn from the names of all living patients with histologically proved renal adenocarcinoma (clear cell) diagnosed from May 1984 to April 1985 and recorded in the West Midlands Regional Cancer Registry. By limiting the diagnosis of renal cancer to adenocarcinoma (which forms 80-90% of all renal cancer), it was hoped that the study would be more specific than extant reports. Limiting the cases to the immediate past 12 months also ensured that most 643 644 cases would be alive. After permission was granted by the hospital doctor concerned, each patient was contacted by post. After agreement to participate by the subject, one of the investigators used a standardised questionnaire to conduct a structured interview at the patient's home.
For the glomerulonephritis study, the cases were identified from those patients attending for renal biopsy at the Queen Elizabeth Hospital, Birmingham, under the care of two consultant nephrologists. The patients were thus collected prospectively and interviewed on the ward before biopsy. To some extent such an interview was blind as some of the patients proved not to have acute glomerulonephritis (g/n cases): this group formed a second, smaller, referent population (non-g/n cases) as they had experienced the same diagnostic procedures as the cases.
Referent subjects were selected from the community. After each case interview, the general practitioner of the case was contacted and asked to select randomly from within the practice using an agreed procedure, a referent subject of similar age (within five years), sex, and ethnic group as the case. Matching was also made for geographical location and socioeconomic group. Selected controls were then contacted by post and asked to take part in the study. Those who refused to take part were replaced by another person drawn from the same practice and matched in the same way. For ten cases of renal cancer, matching was not possible without resort to using controls from the glomerulonephritis study. For a few glomerulonephritis subjects, the reverse procedure applied. The matching criteria were, however, identical except that geographical location was more approximate-that is, rural, market town, county town, suburb, inner city. In general, the referents were interviewed at home.
The reasons for refusal to participate on the part of referents suggested that convenience motivated the decision. Community based referents, while often more appropriate, are notoriously difficult to recruit compared with hospital referents.
The questionnaire used consisted of three sections. The first part contained questions on personal details and social habits. A full list of past addresses was obtained as well as detailed inquiries about past and present consumption ofalcohol, coffee, and cigarettes. The second part reviewed the medical history of the interviewee, including a drug history with specific questions about known nephrotoxins such as gold, penicillamine, and analgesics. The third part of the questionnaire dealt with a life time occupational history and was designed so that the interviewee was allowed to give general information about employment and materials handled, together with details on a number of key groups of materials or processes in which organic solvents were considered important.
Harrington, Whitby, Gray, Reid, Aw, Waterhouse Here an attempt was made to reduce the subjectivity of exposure estimation by detailing exposures to specific jobs, materials, and solvents in terms of periods and duration of exposure, as well as how and where the material was handled. This part of the questionnaire was detached from the other two and assessed "blind" by an experienced chemist/occupational hygienist and exposure indices (EI) (appendix) were computed for each relevant solvent type up to the time of diagnosis or retirement, whichever was the earlier.
In summary, exposures were categorised as zero, low, medium, or high and given scores of 0, 1, 10, or 100 respectively. Els were then calculated by multiplying the score by the total duration of exposure, adjusted so that one year full time heavy exposure corresponded to an exposure index of 100. An EI of 100 could also be attained, therefore, by ten For women, the percentages did not vary between cases and referents by more than 5%, but for the men the case/referent ratios for light, medium, and heavy were: 406/68 0, 43 3/20-0, and 16-6/12-0 respectively. These differences were not, however, statistically significant. For the glomerulonephritis study, a history of cigarette smoking was common in all subjects, 32 (64%) of the g/n cases and 37 (74%) of the controls having smoked at some time. Categorisation by light, moderate, and heavy smoking showed no significant differences between cases and referents.
Alcohol consumption, assessed using the criteria of the Health Education Council5 and coffee consumption showed no statistically significant differences between cases and referents in either study.
Eight ( For the purpose of analysis, two classifications of most frequently encountered solvent type materials exposure were used. A classification of "exposed" (EI were fuels and oils, degreasing agents, paints, var-> =100) and "non-exposed" (EI < 100) was establinishes, and glues.
shed for both the cases with cancer, those with There were no major differences in frequencies of job types between the groups, though for the solvent type used, exposure to dyes was more prevalent in the referent group than in the g/n cases. Those with cancer showed a tenfold excess of asbestos and dust exposure whereas glues show a twofold deficit. Exposure assessments for asbestos, however, were judged to be insignificant. More importantly, an independent assessment of lifetime solvent exposures showed no significant excess for either cases with cancer or with glomerulonephritis whether consideration was given to "total" solvent exposure or specific solvent type. Latency could be important here for renal cancer but as most of the cases and referents were retired, this was not deemed a major source of bias. The glomerulonephritic cases and referents were younger but latency is less likely to be as relevant here.
Nevertheless, a wide range of chemicals, including some aromatic hydrocarbons, N-nitroso compounds, and metal salts have been shown to induce renal cancer in experimental animals. A dose dependent association between unleaded petrol vapour and renal cancer has been shown for male rats'" though it has been suggested that the male rat kidney is uniquely prone to renal disease. In well defined epidemiological studies, however, such associations in man have not been confirmed. Most studies investigating renal cancer and petroleum based chemicals have been of the cohort design and most have been generated from cohorts of petroleum industry employees. In 1984 a review of cancer risks in oil refinery workers critically examined eight industry based and six general population surveys." The reviewers concluded that methodological shortcomings may be responsible for some of the contradiction in the published results, and thought that, overall, refinery populations did not seem to experience any "substantial rises" in cancer risks. What remained unrevealed was whether smaller sections of the workforce experienced an excess of certain cancers-particularly melanoma, brain, stomach, kidney, and pancreas.
In the same year Enterline and Viren specifically 648 addressed the epidemiological evidence for an association between petrol and kidney cancer.'2 They concluded that there was little support for an aetiological link in the 12 cohort, three case referent, and three ecological studies included in their review. Similar conclusions had been reached in a workshop on the subject a year earlier.'314 A more recent review of 15 cohort studies confirmed the lack of a clear relation between organic solvents and renal cancer. Risk ratios ranged from 0 44 to 1[55, but none was statistically significant.'5 None of these cohort studies showed any dose response effect nor any difference in renal cancer rates by duration of employment. Two studies with "non-positive" findings had considerable statistical power and thus lend credence to the argument against a causal association.76
A methodological shortcoming of all of the above studies was the lack of quantitative estimations of hydrocarbon or petroleum product exposure. Furthermore, diagnostic specificity was absent and cigarette smoking habits unknown. Some of the shortcomings ofearlier work were largely overcome in the recent case referent study of risk factors and renal carcinoma undertaken by McLaughlin and his coworkers.6 Their study of 495 cases and matched controls reviewed occupational factors as well as lifestyle and medical history. Patients with renal cancer had a significantly increased exposure to petroleum, tar, and pitch products (relative risk [1] [2] [3] [4] [5] [6] ). An update of this study, however, showed a relative risk of 1 0 for exposure to petroleum. 4 No quantitative assessment of exposure was made.
The present cancer study, though much smaller than the McLaughlin series, attempted to collect detailed occupational exposure histories from cases and referents and to assess exposure to specific organic solvents using a structured, computerised methodology developed for this study. We are not aware of any similar case referent study.
Whereas reports of occupational links between renal cancer and organic solvents have come mainly from cohort studies of petroleum populations, the putative association of solvents with glomerulonephritis has come from animal studies, case reports, and a few case referent studies. The designs of all but two of these studies, however, have been criticised on methodological grounds. Unfortunately, these studies of Van de Laan and Ravnskov et al exhibit conflicting results which do nothing to resolve the aetiological question. In brief, the methodological shortcomings of most of the studies were defined in two reviews as: non-specificity of cases, the use of inappropriate referents, the use of unblinded interviewers, the problem ofrecall bias, and the failure to quantify the hydrocarbon solvent exposure."8 In a recent study which attempted to overcome some of these criticisms 50 patients with biopsy proved glomerulonephritis were questioned "blind" for solvent exposure using the method described by Ravnskov.9 The referents were hospital based. The results indicated an occupational exposure to solvents significantly greater for case subjects than for controls.
The present study investigated a similar sized group but used community based referents and a structured, computerised assessment of past exposure to solvents. Comparing the present results with the three better extant studies shows a concordance with one7 and a disagreement with the other two.89 It is, however, impossible to compare the assessment of solvent exposure between the studies as methods vary considerably. None of the previously published studies attempted any systematic quantitative assessment of solvent exposure. We believe that the methods used in this study improve on the previous assessment of solvent exposure in terms of reliability and reproducibility as well as specificity and, in addition, reduce somewhat the subjective element in the retrospective respondent based histories of exposure. The question of latency in the renal cancer study was not addressed and could be a source of bias. Most of the interviewees were retired however, thus this factor may not be a major one. Furthermore, the choice of referent group in the present study is considered to be a superior option to hospital based referents,26 despite the fact that such community based referents are far more difficult to recruit. The need to obtain a detailed work history necessitated the use oflive cases. There is, however, no reason to believe that the dead "cases" differ in any significant way from the referents so far as exposures are concerned.
Nevertheless, a major difficulty of interpretation emanates from the relatively weak statistical power of both the renal cancer study and the glomerulone-Renal disease and occupational exposure to organic solvents: a case referent approach phritis study, even though the size of the glomerulonephritis section is as large as any published. A case referent study based on 50 pairs has a 90% power to detect a relative risk of four or greater if the prevalence of exposure to solvents in the general population is 50%.2 Whatever their size, case referent studies are prone to bias.2627 In this study refusal to participate was largely the result of the poor state of health of some of the patients. We have acquired no evidence to suggest that these refusals could be construed as relevant to the broad health outcomes nor to the exposure assessments. Recall bias could have been relevant but evidence from drug histories-which could be confirmed to a large extent from hospital records-suggests that this was not so.
The exposure questionnaire has been modified in the light of this study but nevertheless represents a considerable advance over previous attempts to quantify past exposures to solvents. In general, it parallels the assessment procedure of Gerin et al,2" but includes a more detailed analysis of the exposures elicited.
In short, the study design was methodologically relevant, provided a detailed and moderately objective assessment of exposure, and yet failed to show any relation between exposure to organic solvents and renal cancer or glomerulonephritis. The power of the study, however, precludes a definitive judgment on causation as much larger studies would be required to be reasonably certain of detecting a twofold excess risk.
Appendix EXPOSURE ASSESSMENT AND CALCULATION OF EXPOSURE INDICES
Retrospective exposure assessment involved the use of a detailed interviewer administered questionnaire on occupational history and non-occupational activities which could involve relevant exposures. The complexity and branching nature of the questionnaire made it unsuitable for self administration. Completed questionnaires were identified by numbers which hid the medical status of the subject and were given to the occupational hygienist for assessment. All objective data on the questionnaire-for instance, dates, frequency and duration of exposures, material codes, etc-were coded and recorded on a database without further interpretation. Exposures were categorised from the job and material descriptions by reference to an independent checklist of exposures to solvents. The results of exposure categorisation were recorded on the database. Final calculation of exposure indices (Els) was performed by a computer program that used a system of scoring for exposure categories in which low exposures earned one point, medium 10, and heavy 100 points. Els were obtained by multiplying the exposure score by the total duration of exposure measured in standard work years. Thus one year's light exposure, as might be experienced by a forecourt attendant in a self service petrol station, would earn an EI of one, whereas one year's heavy exposure-for example, during certain types of shoe assembly work-would earn an El of 100.
